This review discusses the relationship between the psychological and physiological factors responsible for airways obstruction in asthma and indicates the mechanisms by which psychological methods of treatment may influence airway caliber. The effects of mental and muscular relaxation therapy, systematic desensitization, and biofeedback-assisted relaxation are evaluated in children and adults with asthma. The methodology and results of studies are analyzed critically to present a balanced opinion of the subjective and objective effects of these methods of treatment. Muscular relaxation therapy alone appears to have no effect. Certain mental relaxation techniques, such as autogenic training and transcendental meditation, systematic desensitization, and biofeedback-assisted relaxation, can produce subjective improvement as well as clinically significant improvement in respiratory function and other objective parameters. As with any therapy the response is variable and is influenced by factors such as age and severity of asthma.
INTRODUCTION
Whether an acute attack of asthma is precipitated by allergy, infection, exercise, or emotion, anxiety is likely to accompany the attack. As a result of conditioning, a heightened arousal level may become associated with attacks of asthma so that a vicious cycle is established and anxiety becomes a significant aggravating factor. During an acute attack this cycle may be broken by the use of bronchodilator and corticosteroid therapy, which acts locally on the bronchi. This therapy acts rapidly and effectively in most cases and the resulting relief of the airways obstruction allays the anxiety associated with the acute attack. Psychological methods of treatment acting princi-pally at the central level have received little attention from the medical profession, although it seems possible that they may provide a useful adjunct to drug therapy in relieving anxiety, especially in patients with chronic asthma.
Anxiety is an emotional state of tension, and heightened autonomic nervous system activity forms part of an organism's overall involuntary arousal response to a perceived threat. Chronic stress may lead to significant derangement of healthy functioning (1) . Anxiety involves the hypothalamic-hypophyseal axis, the limbic and reticular systems, and the orbitofrontal cortex.
The autonomic responses of anxiety are predominantly sympathetic. After the appropriate stimulus, noradrenaline is secreted at sympathetic endings with simultaneous adrenaline and noradrenaline secretion by the adrenal medulla. While both hormones are responsible for sympathetic responses, adrenaline has more pronounced central effects, while noradrenaline has mostly peripheral effects.
It appears that the central mechanisms in relaxation oppose sympathetic nervous system activity, in fact Wolpe (2) goes even further and states that relaxation exerts a predominantly parasympathetic effect. Relaxation can be explained in terms of the neurohumoral axis proposed by Luthe (3), in which the hypothalamus, pituitary, and reticular system play central roles. This is in agreement with Beary and Benson's (4) explanation for the relaxation response "as an integrated hypothalamic response probably representing a state of decreased sympathetic nervous system activity." Because many of the pathways mediating the arousal response also mediate the relaxation response, e.g., the hypothalamus and reticular system, it is probable that such structures exert both excitatory and inhibitory influences.
While the intrinsic abnormality in asthma is a predisposition to bronchial hyperreactivity (5), the patient's emotional status, acting on the airways through central mechanisms, may play a significant etiological role. A state of arousal accompanied by increased autonomic activity may have a significant effect on the caliber of the airways. Sympathetic stimulation produces the adrenergic effect of bronchodilatation, while parasympathetic stimulation produces the cholinergic effect of bronchoconstriction; cholinergic nerves connecting higher centers of the central nervous system with the lung may be the pathway by which emotion aggravates asthma.
Asthma may in part result from a functional autonomic imbalance between the sympathetic and parasympathetic nervous systems or indeed from imbalance between the two types of sympathetic effector systems, the alpha and beta receptors. Beta receptors are located in organs such as the bronchi, in which smooth muscle is relaxed by adrenaline, whereas alpha receptors are located in organs in which smooth muscle is constricted by adrenaline. In asthma, adrenergic neurotransmitters released in response to psychic stress may not be fully utilized because of the relative unavailability of beta receptors in the bronchi.
Bronchial smooth muscle and glands, blood vessels and mucous membranes are not only influenced by the autonomic nervous system but also by pharmacological mediators capable of causing bronchial constriction, e.g., histamine, slow reacting substance A, kinins, prostaglandins, and serotonin (5) .
In summary, asthma and its accompanying heightened arousal may be basically central in origin or alternatively asthma may be primarily a peripheral disorder, the major abnormality being generalized airways obstruction, any emotional response being a secondary phenomenon. In either event, psychological methods of treatment warrant consideration. Unfortunately, many studies on nonmedical treatment of asthma are difficult to evaluate because the design and the analysis of results have been inadequate in relation to: (1) the number of cases studied (6-9), (2) lack of objective physiological measurements of airways obstruction such as peak expiratory flow rate (PEFR), forced expiratory volume (FEV), and airways resistance (Raw) (6-9), (3) absence of a control group (10-11), (4) results that have been reported to be statistically significant are not clinically significant (12) (13) (14) (15) .
This article reviews the effectiveness of relaxation therapy, including muscular and mental relaxation, systematic desensitization, and biofeedback-assisted relaxation.
MUSCULAR AND MENTAL RELAXATION
The aim of relaxation therapy in asthma is based on the theory that emotional stress can act as either a precipitator and/or exacerbator both in acute and chronic asthma. Relaxation can be seen as the antithesis to stress and may interrupt the continuing cycle between physical and emotional symptoms.
There has been recent debate over whether different forms of relaxation have unique effects or whether they all produce a single "relaxation" response, as proposed by Benson (16) . Davidson and Schwartz (17) have argued that all relaxation techniques are not alike and they probably have different effects on different physiological systems, depending on the system at which they are most directly aimed.
There is controversy over the role of muscular (peripheral) versus mental (central) mechanisms in relaxation. In 1958 Gellhorn (18) hypothesized that progressive relaxation reduces physiological reactivity through reduction in proprioceptive feedback from the muscles to the reticular system. However, Davison (19) disputed tbis "peripheralist" theory and argued that relaxation works on a more central, cognitive level, since subjects can still be anxious when their muscles are rendered almost completely flaccid by curare. Meares (8) also considers that relaxation acts primarily through central mechanisms.
The relaxation technique most frequently used is based on the methods of Jacobson (20) , who considered relaxation to be achieved through the body muscles, i.e., through peripheral mechanisms. Relaxation techniques such as meditation, autosuggestion, and autogenic training, are all based on the central state theory. Most studies have used muscular relaxation techniques and little attention has been paid to mental relaxation.
Alexander, Miklich and Hershkoff (12) compared 20 asthmatic children given a modified form of Jacobson's muscular relaxation (20) with a control group of 16 asthmatic children who simply sat quietly. The relaxation group showed a significant mean increase in PEFR (22 liters per minute) compared with a mean decrease in PEFR (6 liters per minute) in the control group. In a similar study, Alexander (13) confirmed these findings in 25 asthmatic children who showed a significant mean increase in PEFR (20 liters per minute) after relaxation training. In both studies using moderate to very severe asthmatic children, the mean percentage increase in PEFR was 10%. An increase of less than 15% in ventilatory function is not generally regarded as being clinically significant (15, 21) . Accordingly, it seems very doubtful whether the relaxation techniques used in these studies produced a worthwhile improvement in ventilatory function. Indeed, in their most recent study, Alexander and his colleagues, using measures of both large (PEFR, FEV, and Raw) and small (maximum mid-expiratory flow rate) airways dynamics, failed to demonstrate "a clinically meaningful change in pulmonary function following relaxation" (15) . Nor were they able to show any change in wheezing scores, number of hospitalizations, acute asthma attacks, or medication requirements.
Schwobel (11) used a combination of autogenic training, relaxing massage, and breathing exercises and showed subjective and objective improvement in 42 out of 50 patients; with a mean increase in vital capacity of 1200 ml. Schultz and Luthe (22) reviewed numerous German studies on autogenic training and concluded that, while this form of treatment appeared to be beneficial, it was difficult to assess its precise value because in most studies autogenic training had been used in conjunction with other forms of psychotherapy. However, a recent study using autogenic training alone produced a clinically and statistically significant increase in PEFR (>15%) in a group of 41 adult asthmatics; in the majority the increase was equal to that achieved with a bronchodilator (23) .
Recently, Wilson et al. (24) evaluated the effect of transcendental meditation (TM) in 21 stable adult asthmatics. A cross-over design was used in which one group was taught TM and another group read a book on TM. After three months the groups exchanged treatments. Compared with pretreatment values, there was a mean increase in FEV (11%) and PEFR (12%), and a decrease in Raw (48%) in the group first given TM. After the 3-month reading period these values returned toward the pretreatment levels. In the group which first read about TM, there was no significant improvement in ventilatory function. However, after TM there was significant improvement in Raw (28%) but not in FEV or PEFR. The marked improvement in Raw in both treatment groups is of particular interest, especially since the changes in FEV and PEFR were not significant. Airways resistance is a much more sensitive measure of airway caliber than the other techniques and in addition is essentially independent of patient effort. Patients reported a decrease in symptoms during the TM period, although medication intake remained the same.
Erskine and Schonell (25) attempted to determine which component of relaxation, either muscular or mental, played the major role. There was no significant difference between a group given muscular relaxation alone and another group given both mental and muscular relaxation. In fact neither group showed significant improvement on subjective measures or in pulmonary function, although the latter was only assessed by measurement of FEV.
In summary, muscular relaxation alone appears to be ineffective in the treatment of asthma, however, mental relaxation techniques, such as autogenic training and transcendental meditation, seem to produce clinically and statistically significant improvement in pulmonary function and subjective measures.
SYSTEMATIC DESENSITIZATION
Wolpe's technique (26) of systematic desensitization is based on the assumption that deep muscular relaxation is incompatible with anxiety. The method involves initially teaching the patient relaxation followed by a graded hierarchy of anxiety-provoking situations which the patient associates with asthma attacks. Subsequently, whenever an anxietyprovoking situation arises, the response is relaxation rather than bronchospasm.
Case studies suggest that systematic desensitization is effective in reducing the frequency of acute asthma attacks (7, 9) , but studies involving a larger number of subjects and a controlled design are more appropriate for a critical analysis of this type of therapy (10, 27) . Moore (27) compared three treatments-systematic de-sensitization, relaxation with suggestions of improvement, and relaxation alone. Using 12 moderately handicapped subjects in a balanced incomplete block design, two forms of treatment were given to each patient and each of the three treatments were compared across eight subjects. All three treatments produced subjective improvement, but were not significantly different. Increase in PEFR occurred in each group, but was significantly greater after systematic desensitization, with a mean increase of 80 liters per minute (49%). Relaxation with suggestion and relaxation alone produced mean increases in PEFR of 25 liters per minute (15%) and 23 liters per minute (14%) respectively. The considerable increase in PEFR after systematic desensitization was mainly contributed by two subjects, the remaining subjects showed a mean increase in PEFR of only 5.6%.
Yorkston et al. (10) compared eight adult asthmatics given relaxation training with six asthmatics given relaxation and desensitization. The desensitization group showed a 35% improvement in FEV, but no improvement occurred in the relaxation group. At long-term follow-up the clinical severity rating and the frequency of drug treatment were significantly better in the desensitization group. In contrast, when systematic desensitization was used as an adjunct to drug therapy in 19 moderate to severe asthmatic children, there was no improvement in FEV, total dose of medications, hospitalization, or symptom frequency compared with a control group of seven children (28) .
In a further study of 28 patients, Yorkston et al. (29) compared relaxation training alone with a combination of relaxation training and either verbal desensitization or verbal and practical desensitization; the latter technique involved desensitization to expiratory effort by making graduated expiratory efforts without provoking tension. The subjective and objective results confirmed Yorkston's previous conclusions that patients show significant improvement after verbal desensitization (10), however the new method of practical desensitization did not appear to contribute any additional benefit.
BIOFEEDBACK-ASSISTED RELAXATION
Recently biofeedback has been used as an adjunct to relaxation therapy in asthma. Initial research has been concerned with electromyograph (EMG) biofeedback of the frontalis muscle, which is considered to be a reliable indicator of the overall state of muscle tension (30) . Davis et al. (31) were the first to study EMG biofeedback-assisted relaxation training as a treatment for asthma. Subjects consisted of 24 children, aged 6-15 years, who were divided into three groups: experimental group I, which received Jacobsonian relaxation training facilitated by EMG biofeedback, experimental group II, which received Jacobsonian relaxation training alone, and a control group which was told to "sit and relax." In severe asthmatics, those on steroids, there was a nonsignificant increase in PEFR following relaxation therapy alone and after relaxation therapy combined with biofeedback. Among less severe asthmatics the mean increase in PEFR was 8 liters per minute after relaxation therapy and 16 liters per minute after relaxation therapy and biofeedback. It is unlikely that an increase in PEFR of 8 liters per minute is clinically significant, although the increase of 16 liters per minute after relaxation and biofeedback probably does represent a significant increase.
An evaluation of biofeedback treatment followed by biofeedback-assisted muscle relaxation in 22 asthmatic children compared with a control group of 22, showed significant improvement in a number of important practical parameters; asthma attacks, infirmary visits, and steroid usage all decreased in the biofeedback group (32).
Kotses and his colleagues (33) assigned 36 asthmatic children equally among a contingent biofeedback group and two control groups, one a non-contingent feedback group yoked to the experimental group and the second, a no-treatment group. In the contingent biofeedback group a significant mean increase in PEFR of 30 liters per minute occurred during the first week of treatment. Subsequently, there was no further rise in PEFR. There was no change in PEFR in the control groups. EMG frontalis activity decreased significantly in the contingent group compared with the two control groups.
In a follow-up study in 40 children (34) an attempt was made to determine whether relaxation of muscles other than the frontalis, influences PEFR in asthmatic children. Two further groups were added-a contingent brachioradialis EMG feedback group and a noncontingent brachioradialis EMG feedback group. PEFR improved in the contingent frontalis EMG group, but not in the contingent brachioradialis group nor in the control groups. Likewise EMG activity was reduced significantly only in the contingent frontalis EMG feedback group. Commenting on the finding that frontalis EMG feedback increased PEFR, whereas brachioradialis EMG feedback did not, Kotses and Glaus (35) advanced the hypothesis that the relationship between frontalis tension and PEFR is of a reflexive nature, possibly consisting of trigeminal and vagal components. The presence of such a reflex would serve to explain why frontalis tension changes influenced PEFR, whereas brachioradialis tension changes did not.
These studies demonstrate that biofeedback-assisted relaxation produces improvement in ventilatory function and other important objective indices.
SUMMARY
Simple muscular relaxation therapy alone does not have a therapeutic role in asthma. Methods that utilize a component of mental relaxation, such as autogenic training and transcendental meditation, and those that include a graded hierarchy, a feature of systematic desensitization, appear to produce subjective and objective improvement. EMG biofeedback is a useful adjunct to relaxation training. Since the underlying abnormality in asthma relates to the caliber of the airways, it seems probable that a biofeedback technique that provides the patient with information about the size of the airways may be even more effective (36) . In the evaluation of such a technique it is clearly important to use objective assessments that include sensitive, noneffort-dependent measures of airflow obstruction and to determine in which type of patient this therapy is most effective.
